There are geographic variations in hip fracture incidence rates across Norway, with a lower incidence in the coastal areas of the southwest and in the Arctic north, contrary to what may be expected with regard to vitamin D exposure from sunlight. The regional differences have become smaller in recent years. Introduction To investigate geographic variation in hip fracture incidence within Norway and regional differences in time trends. Methods All hip fractures treated in Norwegian hospitals 2002-2013 were included, and demographic information was obtained from Statistics Norway. Age-standardized incidence rates were calculated separately for 19 counties. Incidence rate ratios with 95% confidence intervals for county differences and time trends were estimated using Poisson regression. Results Age-standardized number of hip fractures per 10,000 person-years varied between counties from 69 to 84 in women and from 34 to 41 in men. The highest rates were observed in the southeastern capital city of Oslo, while rates were low in the four northernmost counties. There was an east-west gradient, with lower incidence in the coastal southwest compared with the southeast. Women showed a statistically significant decline during 2002-2013 in almost all counties (up to 31%). In men, only a few counties showed a decline. In both genders, hip fracture rates at age 80 in the combined five counties with the highest rates were significantly higher than in the combined five counties with the lowest rates across the period, although the trends converged over time.
Introduction
Age-standardized hip fracture rates in Norway increased until the beginning of the 1990s [1] , and after plateauing, the incidence declined during 1999-2013 [2, 6] . Despite this decline, Norway has among the highest reported hip fracture incidence rates in the world [4] [5] [6] . Comparable secular trends have been observed in many Western societies [6] [7] [8] [9] . Although the age-standardized risk has been declining, the burden of hip fractures to society is projected to increase markedly in the future as the population ages [4, [10] [11] [12] .
Secular trends and incidence rates of hip fracture vary substantially, both between countries [4] [5] [6] [7] [8] [9] and within countries [13] [14] [15] [16] [17] . These geographic disparities have been explored through indicators of urban versus rural residence and population density on one hand, and indicators related to seasonal variation, weather conditions, temperature and climate on the other [16] [17] [18] [19] [20] [21] [22] [23] [24] . Differences in hip fracture incidence have also been linked to latitude, with higher incidence rates in high latitude regions [8, [25] [26] [27] [28] . These findings are consistent with a role of vitamin D (exposure to UVB sunlight) in hip fracture
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Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00198-020-05346-8) contains supplementary material, which is available to authorized users. causation [21, 25, 26, 28, 29] . However, higher hip fracture rates have been observed at lower latitude in other studies, for example within the USA [13] , France [14] and England [15] .
Norway is a far-stretched Scandinavian country, with the mainland extending from 58 to 71°north, and it has substantial coast-inland, latitudinal and seasonal variations in temperature and climate. Interestingly, the two northernmost counties of Troms and Finnmark (68-71°N) have historically had lower hip fracture rates than regions farther south [17, 30, 31] . Previous data are old, small and scattered, and may not represent more recent geographic variations in fracture risk. Knowledge about geographic variations in trends is a requirement for the ability to forecast future health and societal burden, to plan healthcare services, and as a basis for further research on the complex aetiology of hip fracture. Based on previous studies, we hypothesized that there would not be a latitudinal gradient in hip fracture incidence in Norway, but rather that fracture rates would be higher in counties with the highest proportion of urban dwellers. It is also unknown whether the declining risk of hip fracture observed over the recent decade has been similar across geographic regions, or whether some regions have been left behind.
The aim of the present study was to describe the geographic variation in incidence of hip fractures 2002-2013 across counties in Norway and to explore whether the rate of decline during this period differed according to county.
Material and methods

Data sources
All hip fractures treated in Norwegian hospitals with a diagnosis code for cervical, trochanteric or sub-trochanteric hip fracture (ICD 9: 820 with all subgroups; ICD 10: S72.0-S72.2) between 1 January 1994 and 31 December 2013 were retrieved. Data were obtained from the Norwegian Knowledge Centre for the Health Services (until 2008) and from the Norwegian Patient Registry (NPR, through 2013). Patients with a hip fracture diagnosis code and surgical procedure code indicating hip fracture surgery were included. In cases with ambiguous information, a comprehensive algorithm was used to identify incident hip fractures by taking surgical procedure codes, diagnosis codes and time between hospitalizations into account. Dates of admission and discharge were available for all hospitalizations. Based on this information, admissions for primary hip fractures were identified. Age at discharge was calculated. Information on definitions, classification, quality assurance and validation of the data may be found online: www.norepos.no/documentation. Up to two hip fractures per person were included. Information on county of residence for the hip fracture patients was obtained from the Norwegian Population and Housing 
Statistical methods
Gender-and county-specific hip fracture rates for each of the calendar years 2002 through 2013 were calculated using the mid-year population in 1-year age groups (50-103 years) as an approximation to the population at risk each year. The mid-year population was defined as the arithmetic mean of the number of individuals within the gender and county category having the index age on January 1st of the respective calendar year and the number of individuals having index age+1 on January 1st of the subsequent calendar year. Age-standardization was performed by the direct method using the mean of the age distribution in 2013 in Norway in 1-year age groups as standard population, separately for each gender. Poisson regression was used to estimate incidence rate ratios (IRRs) with 95% confidence intervals (CI) for each county compared with Oslo adjusted for age and year in women and men separately. The county of Oslo was used as reference because it is known to have had the highest ever-observed incidence rates of hip fracture [1] . In additional analyses, the same calculations were done for women and men stratified by age (< 80 years and > 80 years, respectively). Geographic variations in women and men combined were visualized using a colour-gradient map representing mean age-standardized hip fracture rate during 2002-2013 for each county.
To investigate within-county changes in incidence rates over the period 2002-2013, we computed the IRR between age-standardized hip fracture rates in 2013 and 2002 using Poisson regression. Graduated time trend curves were constructed, combining the five counties with the highest and the five counties with the lowest incidence rates, respectively. The five counties with the highest rates were the same in men and women, whereas the five counties with the lowest rates were somewhat different. Confidence bands were included to test for differences between the curves.
Ethics
The study and the linkages of data were approved by the Regional Committee for Medical and Health Research Ethics, the Norwegian Data Protection Agency, the Directorate of Health, The Norwegian Patient Registry, the Norwegian Institute of Public Health and Statistics Norway.
Results
The average number of hip fractures per year in Norway 2002-2013 was 9182 (6502.5 in women and 2679.5 in men) ( Table 1 and Supplementary Table 1 ). In most counties, the mean age-standardized hip fracture rate was more than double in women compared with men (Table 1 and Supplementary  Table 1 ). The incidence rates in Oslo were, for example, 84 in women versus 41 in men per 10,000 person-years. The analyses stratified by age (< 80 years and > 80 years) revealed mainly the same results in women as shown in Table 1 , whereas the number of fractures in men in several countries was too few to conclude. In persons 80 years and above, the relative gender differences were much smaller-in Oslo, the incidence was 358 in women and 225 in men. The county-specific agestandardized incidence rates of hip fracture in women ranged from 69 to 84 per 10,000 person-years in women, and from 34 to 41 per 10,000 person-years in men ( Table 1 ). The capital city of Oslo, which also represents the most populated county, had the highest mean age-standardized hip fracture rates for both genders (Table 1 and Supplementary Table 1 ). Compared with Oslo, women in the county with the lowest agestandardized incidence rate (Sogn and Fjordane) had a 17% lower incidence rate (IRR 0.83, Table 1 ). The corresponding difference in men between Oslo and the county with the lowest incidence rate (Nord-Trøndelag) was 15% (IRR 0.85, Supplementary Table 1 ).
Both women and men in the four northernmost counties (Nord-Trøndelag, Nordland, Troms and Finnmark) had significantly lower hip fracture incidence rates than Oslo situated much farther south (Table 1 and Supplementary Table 1 , Fig. 1 ). There was an east-west gradient in hip fracture incidence among women: the counties along the coast from Vest-Agder in the south to Møre and Romsdal in the mid-west had lower incidence rates than the southeast counties of Oslo, Oppland and Telemark (Table 1 and Supplementary Table 1 and Fig. 1 ). The incidence rate in the county of Sogn and Fjordane (women and men combined) was 84% of the corresponding rate in Oslo (Table 1 , Supplementary Table 1 , Fig. 1 ).
Overall, hip fracture rates declined from 2002 to 2013 by 19% in women and 10% in men ( Table 2 and Supplementary  Table 2 ). Declining age-standardized hip fracture rates were observed in women in all counties, although the decline in three of the counties was not statistically significant ( Table 2 ). In the 16 counties with a statistically significant decline, the rate of decline in women ranged from 14 to 31% ( Table 2 ). The corresponding time trends among men did not show this clear trend, and with less variation across counties. Only four counties exhibited a statistically significant decline over the period (Supplementary Table 2 ). However, two of the counties with the highest incidence (Supplementary Table 1 ) also had the greatest decline-i.e. 26% in Sør-Trøndelag and 24% in Telemark (Supplementary Table 2 ).
When summarizing the time trends for the five counties with the highest, and the five with the lowest crude trends based on the order in Table 1 and Supplementary Table 1 , there was a statistically significant difference between the highest and the lowest group, and the curves started converging in the last years of the period 2002 to 2013 (Fig. 2 ). There was a corresponding development in the trend curves for men ( Fig. 2) , but the gap between the two curves was narrower in men compared with women.
Discussion
The age-standardized incidence rates of hip fracture in women were about twice as high as in men in all counties. Both women and men in the four northernmost counties (64.5 to 71°N) had lower hip fracture incidence rates than those living in Oslo (the capital city at 60°N). Women living along the coast from the south to mid-Norway (southwest) had lower incidence rates than those living in the southeastern counties. The same pattern could be seen when the rates for women and men were combined.
In women, almost all counties had a declining trend in hip fracture incidence rates between 2002 and 2013, although the relative decline differed between counties. In men, some of the counties with the highest rates appeared to have the largest relative decline in the period. The curves for the five counties with the highest and the five with the lowest incidence rates converged (but did not coincide) in both genders throughout the period 2002-2013.
Geographic differences
Latitude A study from Sweden, Norway's closest neighbour to the east, reported higher incidence rates of hip fracture at higher latitudes [25] . The authors argued that the higher incidence rates found in regions of higher latitudes are consistent with a role of vitamin D in hip fracture causation [25] , a conclusion also supported by other researchers [21, 26, 28, 29] .
In the northern part of Norway, above the Arctic Circle (66°3 3′ N), there are extreme variations in daylight between winter and summer. During mid-winter, there is only twilight a few hours a day in the northern part. The farther north, the longer the period of the year with insufficient UVB exposure for dermal vitamin D synthesis. However, contrary to what may be expected, we observed lower rates of hip fracture at higher latitudes in Norway. Our results confirm earlier findings from Norway: lower rates in Finnmark and Harstad (a city in the county of Troms) compared with Oslo [17, [30] [31] [32] . Our findings are also in line with a few other studies. Canadians had lower hip fracture rates than people in the USA farther south [33] , and studies within France [14] and within England [15] showed lower fracture rates at higher latitudes.
Proximity to the sea and fish consumption
We may speculate that important fracture-preventing factors at higher latitudes could have counteracted the lower exposure to sunlight-and thus vitamin D supply, in the north. Low supply of vitamin D is, however, not one of the main risk factor for fracture. Indeed, in the adult and older population living at 69°N, vitamin D status is relatively good; clearly better than one may expect based on the availability of sunshine, and better than in populations farther south in Europe [34] . Fish and seafood also contain other nutrients that could possibly contribute beneficially in bone health, such as, e.g. marine omega-3 fatty acids, high-quality protein and other vitamins (vitamin A, vitamin B12, vitamin E) and minerals (iodine, selenium). Some of the richest seas in the world surround Northern Norway, and seafood has been the main ingredient in the traditional diet throughout generations. The rich access to fresh fish throughout lifetime could be one of the possible explanations for the lower risk of hip fracture incidence in the north of Norway. Additionally, we found lower hip fracture rates along the southwestern coast of Norway compared with the southeast inland counties that are distant from the sea. The seven counties with the largest fishing industry of wild-living seafood in 2001 (https://www.nrk.no/mr/norges-storste- Fig. 1 Geographic variations in women and men combined, visualized using a colour-gradient map representing mean age-standardized hip fracture rate during 2002-2013 for each county fiskerifylke-1.287978) all lie along the northern and western coast and were among the counties with the lowest agestandardized hip fracture rates among women (Table 1) .
Ethnicity
In the three northernmost counties, there is historically an ethnic diversity of residents. About 60% of the participants in the Finnmark Study (aged 20-62 years in 1987/1988) had an ethnic Norwegian background, whereas the remainder of the participants responded to have two or more grandparents with Sami or Finnish ancestry [35] . Those with Sami and/or Finnish ancestry have on average a higher BMI and are of shorter stature [36] . Both these factors are beneficial when it comes to risk of hip fracture [37] , and could as such contribute to the lower incidence in the northernmost regions.
Urban-rural living
Several studies have reported higher hip fracture rates in densely populated cities and areas (termed "urban"), compared with areas with lower population density ("rural") [38] . The north of Norway is less densely populated with relatively more rural areas than the south. However, the second and third largest Norwegian cities, Bergen and Stavanger/ Sandnes, are both located in the low-incidence west-coast counties of Hordaland and Rogaland, respectively (Table 1 and Supplementary Table 1, Fig. 1 ). Furthermore, there are sparsely populated areas also in some of the southeastern counties (Telemark, Oppland) with relatively high fracture incidence. Thus, our findings are not fully consistent with an urban-rural difference in hip fracture incidence. Moreover, in the north of Sweden, where hip fracture incidence was higher than in the south of Sweden, the inhabitants are mainly living in rural areas and small villages [25] .
Climate and temperature
The finding of apparently lower fracture rates in the coastal counties in the southwest compared with some of the counties in the southeast could perhaps be partly explained by milder winters with higher average temperatures and less ice and snow in the southwest [39] . On the other hand, the majority of fractures occur indoors [1] , although there seems to be an increase in indoor incidence on snow-covered days among community dwellers in Sweden [20] . Furthermore, the inland municipalities in Finnmark (with lower incidence) have lower mean temperature (i.e. far below freezing point) and less monthly precipitation than most other municipality in Norway [39] .
Other possible explanations
We may speculate that geographic variations in individual risk factors such as BMI, physical activity and cigarette smoking have contributed to the observed geographic variation in fracture risk. Self-reported information on lifestyle factors is available in a nationwide sample of respondents 67 years and older who participated in a 2008 survey on living conditions (Statistics Norway). Daily smoking has traditionally been more common in the north of Norway, but the percentage of daily smokers was about the same in the north compared with the rest of the country in 2008 [40] . The percentage reporting to be inactive was higher in Northern Norway compared with the southwest and the southeast of the country-and the percentage reporting to "exercise weekly or more often" was lower in the north [40] . Thus, none of these factors seems to contribute in explaining the lower fracture rates in the north. However, Northern Norway had the highest percentage reporting BMI > 25 based on self-reported weight and height [40] . Thus, BMI differences could play a role, but Telemark, a high-incidence county in the southeast, had the same percentage individuals with BMI > 25 as the low-incidence county of Finnmark farthest north (Table 1 and Fig. 1 ). 
Time trends
Although the rate of decline in hip fracture incidence during 2002-2013 was consistent across counties with a few exceptions, the gap in hip fracture rates between the Norwegian counties seems to have narrowed over the last decades. The incidence of hip fractures in the southwestern county of Sogn and Fjordane was 65% of that in Oslo in 1988/1989 [41] , 72% in 1994/1995 [31] and 84% in our data for the period 2002-2013. The five counties with the highest rates were the same in men and women, whereas the five counties with the lowest rates differed somewhat between genders. The differences in age-standardized number of hip fractures per 10,000 personyears between the nine counties with the lowest rates in men were, however, negligible (2/10,000 person-years) ( Supplementary Table 1 ).
An apparent decline in almost all counties in women, irrespective of the incidence in 2002, is consistent with a role of structural changes acting in the whole countryfor example healthier older adults [42] , increased BMI [43] and decreased prevalence of cigarette smoking [43] . There may also be differences in bone mineral density that we have not been able to explore. We would have expected that the introduction of new types of antiosteoporotic medications (AOD) could have increased the use of these drugs-and consequently contributed to the decrease in hip fracture incidence. However, from 2004 to 2013, the dispensing of AOD in pharmacies in Norway was stable or slightly declining [44] . In the period from 2008/2009 until 2014/2015, there was a small, but statistically significant, decline in the proportion of adults who were insufficiently physically active based on objective measurements, while data based on questionnaires indicate a small increase in the proportion reporting insufficient physical activity [43] . Thus, increasing AODuse or decreasing physical activity is probably not important in explaining the change in hip fracture incidence. However, Norway as many other European countries have had an increase in immigration by individuals from countries with lower fracture incidence. Foreign-born individuals in Sweden have been found to have a reduced risk of hip fracture [45] . In Norway, the immigrant population is still relatively young and the majority of persons born in other countries have not yet reached the peak age associated with high hip fracture incidence. Still, this will be relevant to pursue in future analyses. Other structural conditions that could in theory be associated with declining fracture rates are the introduction of unleaded gasoline in the 1980s, climate changes and/or less acid rain.
Since Norway has one of the highest fracture risks worldwide, studies in the Norwegian population presents unique opportunities to further explore risk factors for fracture incidence and the decline. 
Strengths and limitations
The strengths of this study are the nationwide inclusion of a large number of hip fractures, the validity and completeness of the NORHip database (www.norepos.no/documentation) and the long follow-up period. Using a combination of diagnostic and procedure codes, a high accuracy of the total number of hip fractures has been achieved (98.2%) [3, 46] . Although we have complete hip fracture data from 1994 for most counties and from 1999 for all counties (www.norepos.no/ documentation), only hip fractures occurring in the period 2002-2013 were included to avoid immortal time bias. Complete demographics of the background population was retrieved online from Statistics Norway from 1 January 2002 to 31 December 2013 (http://ssb.no/en/).
Conclusion
Studies of geographic differences in hip fracture incidence and trends within countries may provide important clues to aetiology and prevention. We found that there are geographic variations in hip fracture incidence rates across Norway, with a lower incidence in the coastal areas of the southwest and in the Arctic north, contrary to what may be expected with regard to vitamin D exposure from sunlight. The regional differences have become smaller in the recent years, but the overall decline in incidence has not happened equally in all counties. The reasons for these differences are unclear, and will be further explored in future NOREPOS on variations in climate and geography and the relation to hip fracture incidence.
